Purpose: We explored the association of the previously described Western, prudent and Mediterranean dietary patterns with prostate cancer risk by tumor aggressiveness and extension. Materials and Methods: MCC-Spain (Multicase-Control Study on Common Tumors in Spain) is a population based, multicase-control study that was done in 7 Spanish provinces between September 2008 and December 2013. It collected anthropometric, epidemiological and dietary information on 754 histologically confirmed incident cases of prostate cancer and 1,277 controls 38 to 85 years old. Three previously identified dietary patterns, including Western, prudent and Mediterranean, were reconstructed using MCC-Spain data. The association of each pattern with prostate cancer risk was assessed by logistic regression models with random, province specific intercepts. Risk according to tumor aggressiveness (Gleason score 6 vs greater than 6) and extension (cT1-cT2a vs cT2b-cT4) was evaluated by multinomial regression models.
Results: High adherence to a Mediterranean dietary pattern rich not only in fruits and vegetables but also in fish, legumes and olive oil was specifically associated with a lower risk of Gleason score greater than 6 prostate cancer (quartile 3 vs 1 relative RR 0.66, 95% CI 0.46e0.96 and quartile 4 vs 1 relative RR 0.68, 95% CI 0.46e1.01, p-trend ¼ 0.023) or with higher clinical stage (cT2b-T4 quartile 4 vs 1 relative RR 0.49, 95% CI 0.25e0.96, p-trend ¼ 0.024). This association was not observed with the prudent pattern, which combines vegetables and fruits with low fat dairy products, whole grains and juices. The Western pattern did not show any association with prostate cancer risk. Conclusions: Nutritional recommendations for prostate cancer prevention should consider whole dietary patterns instead of individual foods. We found important differences between the Mediterranean dietary pattern, which was associated with a lower risk of aggressive prostate cancer, and Western and prudent dietary patterns, which had no relationship with prostate cancer risk.
Key Words: prostatic neoplasms; prevention & control; diet, Mediterranean; principal component analysis; risk PROSTATE cancer represents the most common type of cancer among males in Europe and the third with the highest mortality 1 but its etiology is not well understood. There is only limited evidence linking PC to specific environmental, occupational and dietary exposures. 2 This might partly be associated with the confounding effect of detection by screening with prostate specific antigen. This test detects many low grade, indolent tumors which would otherwise remain undiagnosed and may represent a different clinical entity than high grade PC with different risk profiles. 3 The association of diet and PC is also unclear. According to a WCRF/AICR (World Cancer Research Fund and American Institute for Cancer Research) report there is limited evidence of a detrimental effect on PC of a high consumption of dairy products and other foods rich in calcium and low levels of selenium and a-tocopherol. 3 Although dietary patterns capture the variability in the population diet and the possible interactions among individual dietary factors, 4 few studies have explored the association between overall dietary patterns and PC risk. While some groups have reported a positive association between high adherence to the Western dietary pattern and PC risk, 5e9 others noted no association.
9e13 On the other hand, some studies show a protective effect of diets with elevated consumption of vegetables, fruit 14 and fish 6 but most have not found any association with prudent, healthy or Mediterranean dietary patterns. 5,7e13 A recent publication identified 3 dietary patterns in Spanish women, including a Western pattern associated with an increased risk of BC, a prudent pattern not associated with this tumor and a protective Mediterranean dietary pattern. 15 This study was the first to identify the latter 2 dietary patterns in the same population using data reduction statistical methods. Mediterranean and prudent dietary patterns, which are commonly interchanged in the bibliography, have individual characteristics that might result in their differential effects on BC risk. 15 The prudent dietary pattern with a high consumption of low fat dairy products, vegetables, fruits, whole grains and juices might correspond to participants concerned about weight. Those following a Mediterranean dietary pattern with a high intake not only of fruits and vegetables but also of fish, legumes, boiled potatoes, olives and vegetable oil, and a low intake of juices seemed to be less worried about fat intake. This differential effect on BC, which was also found in an independent sample, 16 suggests that fruit and vegetable consumption might not be enough to lower the cancer risk, at least for BC. It is especially relevant to test whether this also applies to PC, which shows epidemiological, biological, genetic and etiopathogenic similarities with BC risk. 17 Our aim was to explore whether there was any association of these 3 dietary patterns with PC risk in the MCC-Spain case-control study, considering tumor aggressiveness and extension.
MATERIALS AND METHODS

Multicase-Control Study on Common Tumors in Spain
Between September 2008 and December 2013 the population based, multicase-control MCC-Spain study recruited histologically confirmed incident cases of 5 tumors (breast, prostate, colorectal, gastric and chronic lymphocytic leukemia) and a single set of population based controls who were frequency matched by age and gender with the overall distribution of cases for each province. 18, 19 Study inclusion criteria required that participants were 20 to 85 years old, were able to answer the questionnaire and had resided for at least 6 months in the study areas. Cases were identified and invited to participate in person as soon as possible after the diagnosis through an active search, including periodic visits to the collaborating hospitals. Population based controls, who were randomly selected from general practitioner lists of primary care health centers in the catchment area of each collaborating hospital, were contacted by telephone.
Those who agreed to participate answered a structured, computerized epidemiological questionnaire administered by trained personnel in a face-to-face interview to gather information on sociodemographic and lifestyle factors, personal and family medical history, and self-reported height and weight. Diet in the previous year was assessed with a 154-item semiquantitative FFQ, which was modified from a previously validated instrument in Spain 20 to include regional products. The FFQ was given to cases and controls upon study recruitment, completed at home and returned by mail.
For PC (ICD-10 C61 and D07.5) we included patients with no prior history of the disease who were diagnosed within the recruitment period at 1 of 14 hospitals in the 7 Spanish provinces, including Madrid, Barcelona, Asturias, Huelva, Cantabria, Valencia and Granada. Since MCC-Spain is a multi-objective study, sample size was prefixed. For PC 1,000 cases were the initial objective and 1,112 were finally recruited. Controls with a personal history of PC who were from provinces where patients with PC had not been recruited as well as those more than 5 years younger than the youngest patient with PC in each province were excluded from study.
The response rate was 52.2% for controls and 67.4% for patients. 19 We excluded 23 PC cases of Gleason less than 6 disease. Of the 1,090 remaining patients and 1,493 recruited controls 952 and 1,311, respectively, returned the FFQ and reported an energy intake of 750 to 4,500 kcal per day. We excluded 198 patients who provided dietary information more than 6 months after diagnosis and 34 controls previously treated with prostate adenoma surgery. Therefore, 754 patients with PC and 1,277 controls were included in study. Data on BMI or total energy intake due to an incomplete FFQ were missing on 21 cases and 48 controls. Thus, multivariable analyses were done in 733 cases and 1,229 controls (see figure) .
Histopathological information was extracted from hospital clinical records using a standardized form (supplementary table 1, http://jurology.com/). The protocol of MCC-Spain was approved by the ethics committee at all collaborating institutions and each participant signed an informed consent form. 
Dietary Patterns
We evaluated adherence to 3 dietary patterns previously identified in the control population of the EpiGEICAM multicenter, BC case-control study in our country. 15 1) The Western dietary pattern, which is positively associated with BC risk, is characterized by a high intake of high fat dairy products, refined grains, processed meat, caloric drinks, sweets, convenience foods and sauces, and by a low intake of low fat dairy products and whole grains.
2) The prudent pattern, which is not related to BC, reflects high intake of low fat dairy products, whole grains, vegetables, fruits and juices.
3) The Mediterranean dietary pattern, which has seemed to be protective for BC, represents a high intake of fish, boiled potatoes, vegetables, legumes, fruits, vegetable oil and olives. In our context it includes 71% olive oil and 23% olives, and a low intake of juices.
To identify these patterns the EpiGEICAM FFQ items were grouped into 26 intercorrelated food groups which were log-transformed and centered. Subsequently we applied principal components analysis without rotation of the variance-covariance matrix. The set of weights (pattern loadings) that was obtained represents the correlation between the consumption of each food group and the component/pattern scores. 21 This can be used to apply such patterns in other populations. 22 In MCC-Spain we grouped the FFQ items, excluding noncaloric and alcoholic beverages, in the same 26 food groups (supplementary table 2, http://jurology.com/). We then calculated the score of adherence to the Western, prudent and Mediterranean dietary patterns as a linear combination of the weights of each food group and pattern in the published EpiGEICAM study 15 and the logtransformed, centered food group consumption reported by MCC-Spain participants. These adherence scores were grouped into quartiles of distribution among controls.
Following the description of the sample characteristics we evaluated the association of adherence to each dietary pattern with PC risk using mixed logistic regression models with random, province specific intercepts. After considering the most important confounders published in the literature, caloric intake, BMI, age, education and family history of PC remained in the models.
We also studied the relationship between adherence to these patterns and PC by tumor aggressiveness, defining 2 dependent variables with 3 categories 1) based on Gleason score at diagnosis 23 (control, low grade defined as 6 and high grade defined as greater than 6), and 2) based on tumor clinical extension (control, cT1-cT2a and cT2b-T4). 24 We then fitted specific multinomial logistic regression models for each dependent variable and dietary pattern. These models were adjusted by caloric intake, BMI, age, education, family history of PC and province of residence as fixed effects.
Heterogeneity of effects was tested using the Wald test. The p-value for trend was calculated with the Wald test, including in the models with variables that defined the quartiles of adherence as continuous. Sensitivity analyses also considered ISUP (International Society of Urological Pathology) grade, 23 
RESULTS
On bivariate analyses no differences were observed between cases and controls in the score of adherence to the Western, prudent and Mediterranean dietary patterns. Compared to controls PC cases were less educated and more physically active, reported higher alcohol intake and had more relatives with PC (table 1) . Table 2 lists the aORs and aRRRs of the associations between scores of adherence to the 3 dietary patterns and the PC incidence in the whole sample by tumor aggressiveness and extension. None of the dietary patterns showed an association with total PC risk but the prudent and Mediterranean patterns demonstrated different effects in low and high grade tumors (prudent and Mediterranean p-het ¼ 0.019 and 0.026, respectively). Higher adherence to the prudent pattern seemed to be associated with a higher risk of low grade tumors, although the trend was not statistically significant Regarding the Western dietary pattern, our data hinted that high adherence to this pattern might increase the risk of high extension prostate tumors, although neither the risk estimators nor the test for trend achieved statistical significance.
DISCUSSION
Our results show that the association between dietary patterns and PC risk differs by tumor aggressiveness, suggesting that high adherence to a Mediterranean diet could have a protective effect against more aggressive and more advanced PC. In contrast, there was no clear relationship of PC risk with adherence to a prudent or a Western diet.
Most studies exploring the association between adherence to data driven dietary patterns and PC risk have identified that 1 or various patterns correlated with a high consumption of fruits and vegetables, termed healthy, prudent, conscious or vegetarian. 5,7e14 In some instances they also include foods characteristic of the Mediterranean dietary pattern such as fish, 6,9 legumes 6,10 or vegetable oils. 6, 9 Only a few of these studies revealed a possible protective effect of diets with elevated consumption of vegetables and fruits, 14 and fish and olive oil, 6, 25 while most did not demonstrate any effect. 5,7e13,26 However, a protective effect of the healthy, prudent and Mediterranean diets was clearly seen for aggressive tumors (Gleason greater than 6). 5, 11, 14 In this study we found that the prudent and Mediterranean dietary patterns had different associations with PC risk. Also, our results indicate that the possible preventive effect of a Mediterranean diet is specific to aggressive PC, defined as Gleason grade greater than 6 or cT2b-T4. This suggests a certain role of some Mediterranean dietetic components in disease progression. Some nutrients present in the prudent and Mediterranean diets, such as lycopene or tomato sauce, seem to reduce the risk of PC recurrence or progression. 27 However, foods and nutrients that differ between them, mainly fish and dairy, show different relationships with PC evolution. In this sense a meta-analysis showed no effect of fish intake, which is a characteristic of the Mediterranean dietary pattern, on the PC incidence but rather a clear protective effect against PC specific mortality. 25 Fish oil also reduced prostate tumor growth and histopathological progression in animal models. 28 In contrast, high consumption of dairy products, which is only present in the prudent pattern, increased the risk of advanced, metastatic or fatal PC. 3, 27 Most previous studies also identified a Western pattern, which usually includes high consumption of red and/or processed meat and energy dense foods, 5e8,10e13 and sometimes an elevated intake of eggs 7 and refined grains. 7, 9 Results of the Western dietary pattern on PC are contradictory with a similar number of groups claiming a positive 5e9 and a null 9e13 association but usually showing a stronger detrimental effect for advanced PC. 5, 10 A recent meta-analysis supports the hypothesis of a pernicious effect of high adherence to this pattern on PC risk. 26 Our results also point in this direction, although they did not achieve statistical significance.
As mentioned, our Western, prudent and Mediterranean dietary patterns were obtained from the control population of the EpiGEICAM multicentric case-control study on female BC in Spain. 15 Reproducibility was later assessed in a different sample of 3,500 healthy Spanish women. 29 In this case given the shared characteristics of breast and prostate tumors, 17 we applied the original scoring system, although our participants were Spanish males. A previous study showed that scores of adherence to dietary patterns can be calculated with the same rules over different populations, resulting in Our results should be interpreted in the context of the study limitations. Differential recall bias is always a relevant concern in case-control studies, especially when evaluating the effect of selfreported information. In anticipation of this problem some questions about general dietary habits were used to adjust responses to the FFQ following the methodology described by Calvert et al. 30 In addition, only patients who responded to the questionnaire within 6 months following diagnosis were included in study.
On the other hand, this study has several strengths. We recruited patients with histologically confirmed PC and population based controls. The wide geographic variability of the recruited participants, who came from 7 provinces located throughout the Spanish geography, ensured representation of the different diets coexisting in Spain. Finally, sample size allowed for the exploration of associations by tumor aggressiveness and extension of the primary tumor using different classifications which provided congruent results.
CONCLUSIONS
The Mediterranean diet, which is rich not only in fruits and vegetables but also in fish, legumes and olive oil, could help prevent aggressive PC tumors. Dietary recommendations should consider whole patterns instead of focusing on individual foods. 
